be candidates for MFRS. Stenosis was confirmed by MR imaging, myelography, and CT myelography. Patients with LSS who had 1) Meyerding Grade II degenerative spondylolisthesis, 2) degenerative scoliosis with a Cobb angle 2 > 20°, 3) spondylolysis, 4) posttraumatic stenosis, or 5) restenosis after decompression surgery were excluded because they were considered candidates for fusion surgery. Between January 2000 and December 2002, 109 patients with the inclusion criteria underwent MFRS. Of these patients, 101 were followed up for at least 2 years (follow-up rate 93%). Of the 8 patients who were lost to follow-up, 2 died due to lung cancer and heart failure, 3 patients were relocated, and 3 could not be contacted. Of the 101 patients for whom adequate follow-up data were available, 12 patients with gait disturbance due to cerebral infarction, myelopathy, or dementia were excluded from the analysis. These conditions developed during the postoperative follow-up period. The remaining 89 patients constituted the study group.
Surgical Technique
While preserving the supra-and interspinous ligaments, the posterior portion of vertebral arches is exposed, keeping the capsule of the facet as intact as possible. The first step is to cut the spinous process in an L-shape at the proximal one-third using a bone cutter (Fig. 1A) . The distal two thirds of the cut spinous process are caudally reflected together with the distal interspinous-supraspinous ligament complex. This procedure creates an ample working space to the spinal canal including lateral recesses and the entry zone of the foramina. Surgeons can perform an adequate decompression of the nerve roots from the opposite side using an osteotome or Kerrison rongeurs and make a trumpet-style decompression of the spinal canal while preserving the cranial parts of the vertebral arches and the lateral parts of the facet joints (Fig. 1B) . The same procedure can be repeated when multiple-level decompression is necessary (Fig. 1C) . After decompressing the neural tissues, the spinous process is repositioned and reconstructed with tight suturing using polyethylene cable 4 and nonabsorbable suture material (restorative spinoplasty) (Fig. 1D) . We first make 2 small holes in the caudal portion of the spinous process. Then, we pass the polyethylene cable around the cranial margin of the residual spinous process and through the holes we made. The split spinous process is approximated by tightening the cable and tying it on the lateral surface. After reconstruction of the spinous process described above, we suture the Temporal spinotomy allows easy access to spinal canal including lateral recesses and makes it easy to perform a trumpet-style decompression. C: Spinotomy and laminotomy can be repeated to make multiple-level decompression. D: After the decompression, the spinous process is repositioned and reconstructed with tight suturing.
supraspinous ligament with a nonabsorbable suture material using the mattress suture technique. Anatomical reduction is achieved between the residual spinous process and the repositioned spinous process. Using this technique, adequate decompression can be performed even in patients with narrow and steep facet joints and/or severe central stenosis in whom sufficient decompression with facet preservation is difficult to achieve by conventional fenestration (Fig. 2) .
The patient is allowed to sit up and walk on the 1st or 2nd postoperative day with a soft lumbar support. This support is used for 3 months to prevent excessive flexion of the lumbar spine.
Clinical Outcomes and Radiographic Assessment
The clinical outcomes at 2 years were evaluated using 1) the JOA scoring system (Table 1 ) with the assessment performed by self-administration 6 and 2) patient satisfaction. Patient satisfaction was evaluated by self-assessment of 4 grades (satisfied, slightly satisfied, slightly dissatisfied, and dissatisfied). Postoperative complications were also investigated.
Radiological follow-up included radiographs and CT scans. To investigate pre-and postoperative radiological findings, we defined degenerative spondylolisthesis as a condition of > 5% anterior slippage according to the Taillard method, 16 and defined degenerative scoliosis as a condition of the Cobb angle > 10°. Shape of the inferior facet was assessed by anteroposterior radiograph and classified according to the system of Tsunoda:
17 X-type, M-type, and W-type (Fig. 3) ; M-type and W-type were defined as the narrow and steep facet joints.
We measured the segmental sagittal alignment (Fig.  4) , the intervertebral range of motion (Fig. 5) , and the percentage of slip at the decompressed levels using both preand postoperative radiographs, including dynamic views. Postoperative progression of slippage was evaluated at 2-year follow-up; > 5% increase of slippage was defined as significant progression. Postoperative preservation of the facet was evaluated by a comparison between preoperative CT and postoperative CT performed 1 week after surgery (Fig. 6) . The measurement was made at 3 levels of each facet joint: the caudal edge of the upper vertebra, disc level, and the cranial edge of the lower vertebra. The least residual ratio among 3 values for each facet joint was used. Union of the reconstructed spinous process was evaluated by lateral radiograph as follows: Grade 1, os- * ADL = activities of daily living; MMT = manual muscle test; SLR = straight-leg raising. † Activities of daily living include the following: turning over while lying down, standing, washing one's face, leaning forward, the ability to sit for approximately 1 hour, ability to lift or hold heavy objects, and ambulatory ability.
seous fusion with no opening in the reconstructed area; Grade 2, clear zone of ≤ 1 mm without increase in flexion views; Grade 3, clear zone of > 1 mm, or clear zone with increase in flexion views (Fig. 7) . Grades 1 and 2 were defined as union of the spinous process. Statistical analysis was performed using the paired t-test and chi-square test (SAS version 9.1), with a probability value of 0.05 as the significance level. Related factors for "not fully satisfied" (patient satisfaction) were analyzed using logistic-regression analysis. Univariate and multivariate logistic-regression models were used to estimate ORs and the associated 95% CIs. For "not fully satisfied," the following variables were examined: age (< 75 years/≥ 75 years), sex, number of levels decompressed (< 3 levels/≥ 3 levels), presence or absence of complete block on myelography, presence or absence of preoperative degenerative spondylolisthesis and/or degenerative lumbar scoliosis, preoperative total JOA score (< 10 points/≥ 10 points), presence or absence of preoperative leg numbness at rest, presence or absence of dural tears, presence or absence of postoperative significant progression of slippage, and presence or absence of nonunion of reattached spinous process.
Results
The age at surgery of the 89 patients (56 men, 33 women) was 24-86 years (mean ± SD, 66 ± 11). Types of LSS were as follows: degenerative spondylolisthesis (Meyerding Grade I) in 38 patients, degenerative spondylosis in 23, degenerative scoliosis in 9, combined type with disc herniation in 16, achondroplasia in 2, and hyperostosis in 1. All the patients underwent preoperative myelography; 56 (63%) had severe central stenosis with a complete block on myelography, 66 patients (74%) had cauda equine symptoms and the others had unilateral radicular symptoms. Presence of resting numbness suggesting progressive cauda equina syndrome was observed in 40 patients (45%). Decompression was performed at a single level in 50 patients, 2 levels in 30, 3 levels in 5, and 4 levels in 4. There was no case of intraoperative conversion from the MFRS to laminectomy. The distribution of the types of inferior facet shape was as follows: X-type in 54 segments, M-type in 45 segments, and W-type in 42 segments. Thus, the total percentage of M-and W-type, indicating narrow and steep joints, was 62%.
Neurogenic intermittent claudication improved in all cases after surgery. The overall mean pre-and postoperative JOA scores (± SD) were 13.3 ± 4.1 and 22.9 ± 4.1, respectively. In self-assessment of subjective symptoms in the JOA, the mean preoperative and postoperative scores, respectively, were as follows: low-back pain, 1.4 ± 0.6 and 2.3 ± 0.7; leg pain and/or numbness, 1.0 ± 0.5 and 2.0 ± 0.8; and walking ability, 0.7 ± 0.8 and 2.4 ± 0.8. Scores of each item improved in all cases and the change in scores was statistically significant for each item ( Table 2 ). The patient assessment of satisfaction for the treatment was "satisfied" in 74 cases, "slightly satisfied" in 12, "slightly dissatisfied" in 2, "dissatisfied" in 1. Thus 97% of patients (86 of 89) reported that they were either "satisfied" or "slightly satisfied," and 17% of patients (15 of 89) were not fully satisfied.
As for complications, dural tears occurred in 4 patients (4%); the tears were repaired and needed no additional treatment. Neither nerve root injury nor deterioration of neurological symptoms was observed. In 3 cases in which multilevel decompression was performed, intraoperative insufficiency fracture occurred at the cranial portion of the spinous processes. The spinous processes were successfully reconstructed as follows: we made 2 small holes in the residual lamina, passed a length of nonabsorbable suture material through the holes, and tied it to the supraspinous ligaments. There was one superficial infection, but no deep infection. One patient had pseudomembranous enteritis, which was conservatively treated. During follow-up, lumbar disc herniation at the surgically treated level and compression fracture occurred in one patient each, and both were cured with conservative therapy. During the follow-up period of this study, no patients underwent repeated spinal surgery because of progression of instability, restenosis, adjacent segment degeneration, or other spinal disease.
The mean segmental sagittal alignment of a total of 141 segments was 3.9 ± 3.6° before surgery and 3.7 ± 3.5° at 2 years' follow up (p < 0.0001). The mean intervertebral range of motion decreased slightly from 8.1 ± 4.2° to 7.6 ± 4.1° (p < 0.0001). The percentage of slippage increased slightly from 4.4 ± 6.7% to 5.8 ± 7% (p < 0.0001); in 45 segments with preoperative degenerative spondylolisthesis, it increased from 13.0 ± 5.5% to 15.4 ± 5.9% (p < 0.0001). Of the total of 141 segments, 26 (18%) showed radiological progression of slippage, but did not progress to Grade II and did not need stabilization. Of the 45 segments with preoperative degenerative spondylolisthesis, 8 segments (18%) showed postoperative progression. Of the 96 segments without degenerative spondylolisthesis, 18 (19%) had postoperative progression. There was no statistically significant difference between the 2 groups. On CT, the lateral parts of facet joints were well preserved, and the mean residual ratio was 80 ± 16%. Facetectomy of > 50% was observed only in 6 (4%) of the 141 segments. Union of the reconstructed spinous process was assessed as Grade 1 in 90 segments, Grade 2 in 34, and Grade 3 in 17, and there was no obvious dislodgement requiring repeated surgery. The union rate (percentage assessed at Grades 1 and 2) was 88%. No fracture of the cranial portion of the spinous process occurred, but in 6 of the 17 with Grade 3 union, bone absorption of the caudal fragment was seen.
In the 45 segments with preoperative degenerative spondylolisthesis, the union rate was 87% (39 spinous processes), and in the 96 segments without degenerative spondylolisthesis, the union rate was 89% (85 spinous processes). No statistically significant difference was found between the 2 groups (p = 0.7499). In the 26 segments with radiological progression of slippage, the union rate was 77% (20 spinous processes), and in the 115 segments without radiological progression of slippage, the union rate was 90% (104 spinous processes). There were no significant differences between the groups, and nonunion of the spinous process was not a statistically significant cause of progression of slippage (p = 0.0884).
Related factors for satisfaction assessment of "not fully satisfied" were analyzed using logistic-regression analysis. No patient in the "not fully satisfied" group had both a dural tear and a nonunion of a reattached spinous process; therefore, an OR could not be calculated, and the final multivariate models excluded these 2 variables. The results of logistic-regression models are shown in Table 3 . Preoperative leg numbness at rest was the only significant factor in the univariate model (OR 4.27, 95% CI 1.24-14.69) and in the multivariate models (OR 5.43, 95% CI 1.28-23.08).
Discussion
In the present report, we showed that LSS patients treated with MFRS had good clinical outcomes despite the high rate of a complete block on myelograms and cauda equina symptoms. However, 15 patients (17%) were "not fully satisfied" with their treatment, and the only factor found to have a statistically significant association with satisfaction was preoperative leg numbness at rest. It is generally believed that preoperative resting numbness tends to remain, because it represents irreversible neuronal changes. 5, 11 The presence of preoperative degenerative spondylolisthesis and/or degenerative lum- bar scoliosis, postoperative progression of slippage, and nonunion of reattached spinous processes did not have a major impact on patient satisfaction.
The occurrence of postoperative instability and restenosis has been considered a disadvantage of laminectomy. Robertson et al. 14 reported that 58% of 33 patients, including 11 with preoperative spondylolisthesis, experienced progression of more than 5% slippage 1 year after laminectomy. Johnsson et al. 7 reported that slippage of more than 2 mm (equivalent to 5%) was observed in 43% of 36 patients more than 1 year after laminectomy and that preoperative spondylolisthesis was a risk factor for progression of listhesis. In the MFRS method, radiological studies performed 2 years postoperatively showed > 5% slippage in 18% of patients, but none required surgical stabilization for secondary instability. The occurrence of slippage progression was the same in the segments with or without preoperative degenerative spondylolisthesis. (The presence or absence of preoperative spondylolisthesis did not influence the occurrence rate of postoperative progression of slippage.) Even in patients with degenerative spondylolisthesis of Grade I, there was no occurrence of symptomatic instability after MFRS.
To overcome the disadvantage of laminectomy, the fenestration technique has been developed. 10, 19 Fenestration allows preservation of the spinous process and supra-and interspinous ligaments, but these retained midline structures limit visualization and access to the lateral recesses, especially in patients with severe central stenosis or narrow and steep facet joints. 12, 13 The rate of intraoperative conversion from fenestration to laminectomy has not been well documented and the postoperative evaluation of residual facet joints has not been reported. Unilateral laminotomy through one side, another treatment option, seems to limit access to the ipsilateral lateral recess. 3 The MFRS is applicable for any type of narrow facet, as was confirmed by postoperative CT scan; in this study, it provided the same visibility as laminectomy, and intraoperative complications were minimal.
Other techniques of spinous process osteotomies to facilitate decompression have been reported, 8, 15, 18 but in these techniques, osteotomized spinous processes were not tightly reconstructed to ensure stability of the spinous process. A key characteristic of our technique is an anatomical restoration of the spinous process that provides continuity with the vertebral arch.
Nevertheless, there remain several problems to be solved in this method. The union rate of reconstructed spinous processes was high in our study, but not perfect. The polyethylene cable has the potential to stretch with the passage of time and to cause a loosening of the fixation. 4 There is still room for improvement in the material and/or technique of restorative spinoplasty in order to achieve a perfect union rate. In this study, insufficiency fracture at the cranial portion of the spinous process occurred in 3 patients with multiple lesions during decompression. Careful maneuvering of the residual spinous process is essential in patients with osteoporosis and multiple lesions. One of the limitations of the present study is that this is not comparative. The benefits of spinal instrumentation for LSS with or without mild listhesis have been controversial. A comparative study and long-term follow-up are necessary to establish true indications for MFRS.
Conclusions
Modified fenestration with restorative spinoplasty, which has advantages of both laminectomy and fenestration, provides a safe and adequate decompression of the spinal canal with preservation of the posterior elements. The 2-year outcomes as determined by patient self-assessment were satisfactory. 
